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drugs,	 cell	 engineering	 and	medical	 diagnosis.	 To	 date,	many	 physical	 and	 chemical	
stimuli-responsive	polymer	hydrogels	have	been	developed	by	chemical	modification	
of	polymer	chains	and	cross-linking	points.	In	particular,	conjugation	with	biomolecules	
to	 polymers	 produced	 promising	 biomolecule-responsive	 hydrogels	 what	 indicates	
high	potentials	of	 stimuli-responsive	hydrogels	as	promising	biomaterials.	 In	addition	
to	 polymer	 hydrogels,	 supramolecular	 hydrogels	 formed	 by	 the	 assembly	 of	 small	
molecules	 (hydrogelators)	 via	 non-covalent	 interactions	 have	 also	 been	 regarded	 as	
unique	and	promising	soft	materials	due	to	their	flexible	programmability	in	rendering	











Such	 biomolecule-responsive	 hydrogels	 are	 a	 potentially	 promising	 tool	 for	 user-
friendly	early	diagnostics	and	on-demand	drug-releasing	soft	materials.[1]	
	
Thanks	 to	 its	 structure	 and	 chemical	 conditions,	 and	 the	 great	 knowledge	 of	 the	
proteins,	 peptides	 have	 become	 an	 important	 field	 of	 study	 within	 the	 science	 of	
biomaterials.	 Our	 study	 focuses	 on	 the	 formation	 of	 small	 peptides,	 low	 molecular	
weight	 (LMW),	able	to	form	dynamic	supramolecular	hydrogels	that	may	reverse	the	








carboxyl	 group	 of	 one	 AA	 with	 the	 amino	 group	 of	 another,	 with	 elimination	 of	 a	
molecule	 of	 water.	 This	 a	 priori	 simple	 reaction	 requires	 the	 activation	 of	 the	











amino	 terminus)	 and	 a	 COOH	 group	 (the	 carboxyl	 terminus).	 Small	 self-assembling	
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Small	peptides	 in	solution	present	a	secondary	structure,	so	the	peptide	backbone	 is	
programmed	 to	 self-assembly,	 by	 non-covalent	 intermolecular	 interactions,	 into	 a	
supramolecular	 tertiary	 structure,	 which	 can	 be	 combined	 to	 form	 a	 quaternary	
structure	in	order	to	form	a	gel	by	crosslinking	between	them.[2]		
LMW	 peptides	 are	 much	 easier	 to	 synthesize,	 purify	 or	 be	 tuned	 for	 specific	
applications.	The	simplest	 compounds	 that	 form	gels	are	N-protected	amino	acids	 in	
which	 polar	 fragments	 of	 the	 amino	 acid	 backbone	 are	 combined	with	 hydrophobic	
groups	either	as	side	groups	or	as	N-capping	residues.	Several	examples	of	N-protected	




However,	upon	 increasing	the	size	of	 the	molecule	with	extra	amino	acids	 (AAs),	 the	
design	 opportunities	 also	 increase.	 Therefore,	 the	 design	 of	 dipeptide	 hydrogelators	
and	longer	analogues	are	frequently	based	on	the	molecular	secondary	structure.	This	
structure	 should	 be	 pre-organized,	 at	 least	 partially,	 to	 arrange	 in	 an	 ordered	 1-D	
packing,	 which	 can	 be	 seen	 as	 a	 supramolecular	 tertiary	 structure	 (Figure	 2).	 The	
secondary	structure	preferences	are	determined	by	the	rigidity	of	the	amide	group,	as	






Our	 molecular	 design	 is	 based	 on	 the	 previous	 studies	 that	 FF	 bearing	 protecting	
groups	at	the	N-terminus,	such	Z-FF-OH,	can	self-assemble	into	fibrous	nanostructures,	
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activities	 that	 is	 formed	 by	 three	 different	 layers	 that	 protect	 the	 body	 from	 the	
external	 factors.	 It	 consists	 firstly	 the	 layer	 called	 epidermis,	 that	 prevents	 from	 the	




There	 are	 enough	 differences	 but	 we	 are	 going	 to	 focus	 on	 the	 pH	 of	 them.	 The	
hypodermis	 is	 known	as	 “acid	mantle”	because	 it	has	a	pH	 slightly	 acidic,	unlike	 the	
other	layers	which	have	a	neutral	pH.	The	average	pH	levels	are	4.85	for	men	and	5	for	





This	 change	 in	 acidity	 is	 the	most	 important	 point	 on	 which	 we	 focus	 because	 this	












Nanoparticles	 have	 an	 ability	 to	 deliver	 a	 sustained	 and	 controlled	 release	 of	
therapeutics	 that	 result	 in	 an	 accelerated	 healing	 process.	 An	 increasing	 number	 of	
innovative	 nanotherapies	 have	 emerged	 in	 the	 field	 of	 wound	 healing	 and	 are	
currently	under	clinical	investigation.	There	are	two	main	categories	of	nanomaterials	
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constructing	 biocompatible	 hydrogels	 able	 to	 respond	 to	 an	 external	 stimulus	 and	


















The	only	commercial	product	 from	them	is	ZFFOH,	so	we	decide	to	use	 it	 like	model	
compound	to	determine	the	final	methodology	to	assembly	the	hydrazine	that	allow	





























Based	 on	 the	 article	 by	 Luo	 and	 co-workers	 [14]	we	 tried	 to	 apply	 a	methodology	 of	














































NH2 N2H4 · H2O








































































forms	 an	 excellent	 leaving	 group	 that	 increases	 reactivity	 and	 does	 not	 form	 sub-































































































































































































































































Both	 reported	 on	 the	 experimental	 section.	 The	 studies	 were	 not	 completely	
satisfactory	 because	 although	we	 obtained	 several	 products,	 none	 of	 them	was	 the	



















suspended.	 It	consists	 in	dissolving	a	known	amount	of	sample	 inside	a	vial	 together	
with	 a	 quantity	 of	 volume	 also	 known,	 thus	 being	 able	 to	 know	 the	 exact	






be	 turned.	 Thereby	 if	 the	 test	 is	 passed,	 a	 new	 quantity	 of	 known	 volume	 will	 be	
added,	and	 the	process	will	be	 repeated,	until	 the	 concentration	where	 the	 test	will	
fail,	proclaiming	MGC	the	previous	one.	
Our	 study	 focus	 will	 be	 obtaining	 the	 minimum	 gel	 concentration	 (MGC)	 of	 the	














the	 blood,	 accepting	 protons,	 which	 allows	 the	 regeneration	 of	 hydrogen	
carbonate	 and	 the	 reduction	of	 the	partial	 pressure	of	 carbon	dioxide	 to	 the	











































































brown	 spheres	 permanents	 like	 if	 the	 compound	 was	 molten	 at	 500µL	 of	 solvent.	
However,	 we	 decide	 to	 continue,	 the	 spheres	 disappear	 but	 it	 does	 not	 form	 a	
complete	gel.	
																																				19,85mM																9,93mM	





































































Both	 techniques	 used	 here	 (TEM	 and	 SEM)	 are	 similar	 when	 it	 comes	 to	 scientific	
fundamentals,	 but	 there	 are	 some	 differences.	 While	 SEM	 obtain	 the	 information	
through	 the	 electrons	 that	 are	 emitted	 by	 the	 sample	 when	 is	 irradiated	 with	 an	







The	 drying	 process	 could	 affect	 the	 sample,	 leading	 the	 formation	 of	 holes	 in	 the	
surface	of	the	sample.	After	this	process,	the	samples	are	covered	by	a	metallic	layer	in	
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order	 to	 obtain	 these	 secondary	 electrons	 emitted	 by	 the	 sample	with	 the	 electron	
beam.	While	the	TEM	samples	adhere	to	the	special	slide	a	thin	layer	of	hydrogel.		
	
Both	 techniques	help	us	 to	know	 the	morphology,	 the	 size	of	 the	 fibers	 formed	and	






























Figure	 22A	 shows	 a	 fiber	 net,	 of	 an	 order	 of	 length	 bigger	 than	 500	 nm,	 and	 an	
approximate	width	of	less	than	100	nm.	We	can	observe	in	figure	22B	the	coexistence	




to	 achieve	 the	 formation	 of	 a	 single	 structure,	 thus	 controlling	 the	 two	 parameters,	
both	kinetics	and	thermodynamics.	In	the	figure	22C	a	mass	of	aggregates	is	observed,	
which	can	be	observed	closer	in	figure	22D,	with	an	order	of	length	bigger	than	12	µm,	








































we	 can	 observe	 some	 helical	 fibers,	 which	 indicates	 that	 there	 is	 chirality	 in	 the	





















based	 on	 J.	 Med.	 Chem.	 2010,53,	 1370-1382[16]	 is	 the	 one	 chosen	 to	 synthesize	 all	
compounds	bounded	to	hydrazide.		
	
Once	 all	 the	 experimental	 work	 has	 been	 done,	 we	 can	 conclude	 that	 of	 the	 three	
gelators	synthesized	only	the	compound	ZFFNHNH2	is	able	to	form	a	gel	at	different	pH	
and	 in	 different	 media,	 being	 thus	 the	 most	 indicated	 to	 the	 union	 of	 ketone	 and	
aldehyde	groups.	
	
In	 the	 second	 step,	 no	 conclusive	 results	 have	 been	 obtained,	 so	 that	 the	 synthesis	














ZFFOH	 446,5	g/mol	 1,12	mmol	 0,500	g	


































Et3N	 101,19	g/mol	 1,12	mmol	 1	eq	 164	µl	






brine.	 The	 organic	 phase	 was	 dried	 by	 Na2SO4,	 filtered,	 washed	 with	 CH2Cl2	 and	
evaporated	until	dryness.	0.475	g	of	impure	product	were	obtained.		









NH2-NH2·H2O	 32,05	g/mol	 5,6	mmol		 5	eq	 186	µL	




















































ZFFOH	 446,5	g/mol	 1,12	mmol	 1eq	 0,500	g	
HOSu	 155,09	g/mol	 1,23	mmol	 1,1	eq	 0,191	g	
DCC	 206,33	g/mol	 1,12	mmol	 1	eq	 0,231	g	
NH2-NH2·H2O	 32,05	g/mol	 5,6			mmol	 5	eq	 27	mL	
THF	 	 	 	 20	mL	
	
ZFFOH	mixed	with	HOSu	were	dissolved	with	10	mL	of	THF.	After	DCC	mixed	with	10	
mL	 of	 THF	 was	 added,	 through	 an	 addition	 funnel	 inside	 an	 ice-bath	 and	 N2	
atmosphere.	The	 reaction	was	 leaved	3	h	and	NH2-NH2	mixed	with	6	mL	of	THF	was	



















































ZFFOH	 446,5	g/mol	 1,12	mmol	 1eq	 0,500	g	
NH2-NH2	·	H2O	 32,05	g/mol	 1,12	mmol	 1	eq	 35	µl	
EDCl	 191,70g/mol	 1,68	mmol	 1’5	eq	 0,322	g	
DMAP	 122,17	g/mol	 1,68	mmol	 1,5	eq	 0,205	g	












0,490	 g	 of	 sample	 were	 suspended	 in	
NaHCO3	stirring	overnight.	After	vacuum	
filtered,	 the	 precipitate	 was	 dried	 in	




the	 precipitate	 was	 dried	 in	 oven	
overnight,	 obtaining	 0,317	 g	 of	 impure	
product.	
Finally	 the	 sample	 was	 purified	 by	
column	 chromatography	 98:2,	








0,1	 M,	 NaHCO3,	 KOH,	 H2O	 and	 a	 bit	 of	
Et2O.	 Then	 was	 dried	 overnight,	




NaHCO3,	 KOH,	 H2O	 and	 a	 bit	 of	 Et2O.	





































C12FFOH	 494,31	g/mol	 0,716	mmol	 1eq	 0,354	g	
NH2-NH2·H2O	 32,05	g/mol	 0,716	mmol	 1	eq	 22	µl	
EDCl	 191,70g/mol	 1,074	mmol	 1’5	eq	 0,205	g	
DMAP	 122,17	g/mol	 1,074	mmol	 1,5	eq	 0,131	g	
THF	 	 	 	 10	mL	
	










stirring	 overnight.	 The	 precipitate	 was	
dried	 overnight	 after	 being	 vacuum	
filtered.	 The	 sample	 was	 suspended	 in	
H2O	 heating	 and	 stirring	 2	 hours.	 Then	
the	precipitate	was	dried	overnight	after	






	0,103	 g2*	 of	 impure	 product	 were	
obtained.	
The	filtered	after	THF	was	decanted	with	
ethyl	 acetate,	 and	 concentrated	 at	




































ZFFOH	 446,5	g/mol	 1,12	mmol	 1eq	 0,500	g	
HOSu	 155,09	g/mol	 1,23	mmol	 1,1	eq	 0,191	g	
DCC	 206,33	g/mol	 1,12	mmol	 1	eq	 0,231	g	





The	 sample	 was	 washed	 with	 THF	 after	 being	 vacuum	 filtered	 and	 the	 filtered	 was	
concentrated	because	 it	 contained	our	product.	 20	mL	of	 IPA,	 at	boiling	point,	were	
added	 to	 recrystallize.	 The	 impurities	 kept	 dissolved	 and	 our	 product	 precipitated,	



















































HOSu	 543,58	g/mol	 0,806	mmol	 1	eq	 0,438	g	
NH2-NH2	·	H2O	 32,05	g/mol	 0,806	mmol	 1	eq	 25	µL	
DME	 	 	 	 15	mL	
	
ZFFOSu	was	dissolved	with	10	ml	of	DME.	The	NH2-NH2	was	mixed	with	5	ml	of	DME	
and	 was	 added	 through	 an	 additon	 funnel	 inside	 an	 ice-bath	 and	 N2	 atmosphere.	
Leaving	the	reaction	overnight	and	at	room	temperature.	

























































ZFFOH	 446,5	g/mol	 0,607	mmol	 1eq	 1	g	
NH2-NH2	·	H2O	 32,05	g/mol	 0,692	mmol	 1,1	eq	 79	µL	
EDCl	 191,70g/mol	 0,692	mmol	 1,14	eq	 0,490	g	
DMAP	 122,17	g/mol	 1,384	mmol	 2,28	eq	 0,622	g	
DMF	 	 	 	 50	mL	
	
ZFFOH	was	dissolved	with	15	mL	of	DMF.	After	 that,	DMAP	was	added	and	then	the	
NH2-NH2	 by	 syringe	 inside	 an	 ice-bath	 and	 N2	 atmosphere.	 After	 10	 min	 EDC	 was	
added,	 leaving	 the	 reaction	 2	 h	 in	 an	 ice-bath	 and	 then	 overnight	 at	 room	
temperature.	
NH4Cl	saturated	was	added	to	help	the	precipitation	of	our	product	in	an	ice-bath,	but	
it	did	not	work,	NaOH	was	added	 to	change	 the	pH	rounding	8	 to	precipitation,	and	

















































HFFOH	 312,37	g/mol	 1,60	mmol	 1eq	 0,5	g	
Palmitoyl	Chloride	 274,88	g/mol	 3,20	mmol	 2	eq	 970µL	
NaOH	0,1M	 	 	 	 35	mL	
	




obtained	 after	 filtration	 was	 dried	 and	 washed	 with	 H2O.	 The	 precipitate	 was	







13C	 NMR	 (100	MHz,	 30	 ºC,	 DMSO-[d6])	 δ	 ppm	 172.85,	 172.44,	 171.18,	 138.77	 (2C),	
129.94	(2C),	129.56	(2C),	128.36	(2C),	128.26	(2C),	126.49,	126.38,	54.85,	54.49,	37.81,	







































HFFOH	 312,37	g/mol	 1,60	mmol	 1eq	 0,5	g	
Lauroyl	Chloride	 218,76	g/mol	 3,20	mmol	 2	eq	 700µL	
NaOH	0,1M	 	 	 	 35	mL	
	
HFFOH	was	dissolved	 in	30	mL	of	1	M	NaOH	 in	a	 two-necked	round-bottomed	 flask.	
The	solution	was	stirred	in	an	ice	bath.	After,	3.20	mmol	of	lauroyl	chloride	and	5	mL	of	
1	M	NaOH	were	added	dropwise	at	the	same	rate.	The	mixture	was	stirred	48	h.	The	















































C16FFOH	 550,38	g/mol	 0,550	mmol	 1eq	 0,303	g	
NH2-NH2·H2O	 32,05	g/mol	 0,605	mmol	 1,1	eq	 22	µL	
EDC	 191,70g/mol	 0,627	mmol	 1,14	eq	 0,122	g	
DMAP	 122,17	g/mol	 1,254	mmol	 2,28	eq	 0,153	g	
DMF	 	 	 	 15	mL	
	
C16FFOH	was	dissolved	with	15	mL	of	DMF.	After	that,	DMAP	was	added	and	then	the	
NH2-NH2	 by	 syringe	 inside	 an	 ice-bath	 and	 N2	 atmosphere.	 After	 10	 min	 EDC	 was	
added,	 leaving	 the	 reaction	 2	 h	 in	 an	 ice-bath	 and	 then	 overnight	 at	 room	
temperature.	
NH4Cl	 saturated	was	 added	 to	 help	 the	 precipitation	 of	 our	 product	 in	 an	 ice-bath,	
then	was	filtered	and	dried	overnight.	0,174g	of	product	were	obtained.		
	











































C12FFOH	 494,31	g/mol	 0,607	mmol	 1eq	 0,300	g	
NH2-NH2	·	H2O	 32,05	g/mol	 0,692	mmol	 1,1	eq	 22	µL	
EDC	 191,70g/mol	 0,692	mmol	 1,14	eq	 0,133	g	
DMAP	 122,17	g/mol	 1,384	mmol	 2,28	eq	 0,169	g	
DMF	 	 	 	 15	mL	
	
C12FFOH	was	dissolved	with	15	mL	of	DMF.	After	that,	DMAP	was	added	and	then	the	
NH2-NH2	 by	 syringe	 inside	 an	 ice-bath	 and	 N2	 atmosphere.	 After	 10	 min	 EDC	 was	
added,	 leaving	 the	 reaction	 2	 h	 in	 an	 ice-bath	 and	 then	 overnight	 at	 room	
temperature.	
NH4Cl	 saturated	was	 added	 to	 help	 the	 precipitation	 of	 our	 product	 in	 an	 ice-bath,	
































ZFFNHNH2	 460,53	g/mol	 0,178	mmol	 1eq	 0,082	g	
Diphenylketone	 182,22	g/mol	 0,214	mmol	 1,2	eq	 0,039	g	
EtOH	 	 	 50mg/mL	 3	mL	
	
ZFFOH	was	mixed	with	 diphenylketone	 in	 a	 25mL	 round-bottom	 flask	 with	 3	mL	 of	
EtOH.	 To	 improve	 the	 dissolution,	 we	 took	 it	 to	 the	 ultrasounds.	 The	 reaction	 was	
leaved	stirring	overnight	at	reflux	and	N2	atmosphere.	Then	1	mL	of	DMF	was	added	
and	during	 the	afternoon	we	added	5-10%	of	acetic	acid	 stirring	overnight.	H2O	was	
added	 until	 precipitation,	 then	 was	 filtered	 and	 dried	 overnight.	 0,073g	 of	 impure	
product	was	obtained.		
The	 sample	 was	 purified	 by	 column	 chromatography	 using	 CH2Cl2	 as	 eluent.	 We	








ZFFNHNH2	 460,53	g/mol	 0,145	mmol	 1eq	 0,067	g	
4-hydroxylbenzaldehyde	 122,12	g/mol	 0,174	mmol	 1,2	eq	 0,021	g	
THF	 	 	 50mg/mL	 2	mL	
	
ZFFOH	was	mixed	with	4-hydroxybenzaldehyde	 in	a	25mL	 round-bottom	flask	with	3	
mL	of	EtOH.	To	 improve	 the	dissolution,	we	 took	 it	 to	 the	ultrasounds.	The	 reaction	
was	 leaved	 stirring	 overnight	 at	 reflux	 and	 N2	 atmosphere.	 Then	 the	 sample	 was	
concentrated	 and	 dried	 at	 vacuum.	 The	 sample	 was	 suspended	 in	 H2O,	 then	 was	
filtered	and	dried	overnight.	0,046g	of	impure	product	were	obtained.		
The	sample	was	purified	by	column	chromatography	CH2Cl2	,	and	95:5	CH2Cl2:	MeOH	to	
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prem_BE_102 25 (0.355) Cm (19:29) 1: TOF MS ES+ 
7.04e3565.4114
356.6841
[M+H]+=565.4118 
[M+H]+=565.4114	(0.7	ppm) 
